The relationship between ambulatory intra-arterial blood pressure and left ventricular ejection fraction was examined in a group of 23 untreated hypertensive subjects who underwent concurrent radionuclide ventriculography. All patients had a normal ejection fraction at rest (range, 50-80%), and no significant correlation was found between blood pressure and resting ejection fraction. Sixty-one percent of patients failed to increase their ejection fraction by 5% on exercise; the mean daytime systolic pressure (168 ± 15 mm Hg) was lower in this group than in those who had a normal exercise response (188 ± 17 mm Hg; p< 0.005). Thirty percent of patients bad left ventricular hypertrophy based on electrocardlographic criteria; this group had a higher mean blood pressure (189 ± 20 mm Hg) than the remainder (170 ± 15 mm Hg; p<0.05). A closer correlation was demonstrated between blood pressure and ejection fraction response to exercise in the group with left ventricular hypertrophy (r=0.8) than in the group without hypertrophy (r = 0.3). These results failed to demonstrate a linear relationship between blood pressure and ejection fraction. However, a relationship between the height of blood pressure and the development of left ventricular hypertrophy was shown, and myocardial response to exercise was increased in patients with left ventricular hypertrophy. (Hypertension 11: 464-469, 1988 To clarify this situation, we have examined the relationship between daytime and nighttime blood pressures and left ventricular systolic function in a group of untreated hypertensive subjects undergoing 24-hour intra-arterial ambulatory blood pressure monitoring.
systemic blood pressure increases, there is an increase in systolic overload of the left ventricle. Provided the myocardium is functionally normal, left ventricular performance is thought to be inversely related to the magnitude of the loading stresses, and echocardiographic data have demonstrated an inverse linear correlation between left ventricular systolic function and end-systolic wall stress. 1 Previous reports have suggested that left ventricular systolic function and systolic blood pressure are linearly related, 2 * 3 with a correlation coefficient (r) between systolic blood pressure and ejection fraction varying between 0.52 1 and0.87. 3 However, other studies 1 -4 have failed to show any correlation, and this suggests that arterial pressure alone does not consistently predict the presence or absence of abnormal left ventricular function. Similarly, it is not clear whether systolic or diastolic, maximum or minimum blood pressure most influences left ventricular function. It has recently been suggested that the lowest blood pressure, recorded during the night, is the most important determinant of left ventricular function. 3 To clarify this situation, we have examined the relationship between daytime and nighttime blood pressures and left ventricular systolic function in a group of untreated hypertensive subjects undergoing 24-hour intra-arterial ambulatory blood pressure monitoring.
Subjects and Methods
Twenty-three subjects were recruited for the study from the Harrow Hypertension Clinic (Harrow, Middlesex, UK) from among those whose untreated hypertension had recently been diagnosed or those whose therapy was not providing adequate control of blood pressure. They were considered for inclusion in the study if, when any previous antihypertensive therapy had been withdrawn for a minimum of 3 weeks, they had a supine resting blood pressure exceeding 160/95 LEFT VENTRICULAR FUNCTION IN HYPERTENSION/tfefcer et al.
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mm Hg when measured by sphygmomanometry on at least three occasions 1 week apart. None had any history, symptoms, or signs of valvular or ischemic heart disease, nor any other severe concurrent illness. Pregnancy or the possibility thereof was an exclusion criterion. All subjects gave written informed consent for the study, which was approved by the hospital ethical committee.
Study Design
Subjects attended the hospital in the morning for commencement of intra-arterial ambulatory blood pressure recording. After insertion of the cannula and fitting and calibration of the recording equipment, they remained for 20 minutes of supine rest before leaving the hospital to resume their normal daily activities. On the following morning, after 24 hours of recording, they returned for resting and exercise equilibrium radionuclide ventriculography, after which the blood pressure recording equipment was removed.
Intra-arterial Ambulatory Blood Pressure Recording
This technique has been fully reported and evaluated previously. 6 ' 7 Briefly, a disposable 3F cannula (Seldicath, Athrodax, Bicester, UK) was inserted into the brachial artery of the subject's nondominant arm under local anesthesia using a sterile Seldinger technique. A 1-m length of tubing connected this cannula to a specially designed transducer-perfusion unit, which infused heparinized saline in a concentration of 10 IU/ml at a rate of 1.5 to 2 ml/hr. The blood pressure signal from the transducer and the electrocardiogram from bipolar chest leads were recorded on a miniature tape recorder (Medilog Mark 1, Oxford Medical Systems, Abingdon, UK), which also incorporated a time channel with an event marker. The equipment was designed so that subjects could be fully ambulant and able to carry out their normal daily activities. 6 Radionuclide Angiography Equilibrium radionuclide ventriculography was performed with subjects in the supine position. Blood was labeled in vivo by intravenous injection of 10 mg of stannous pyrophosphate, followed after 30 minutes by intravenous injection of 740 MBq technetium-99m.
Imaging was performed using a mobile, single-crystal cardiac gamma camera (Elscint 215M, Haifa, Israel), positioned in the 30-to 45-degree left anterior oblique position with 10 to 15 degrees of caudal tilt to best isolate the left ventricle. Electrocardiographic gating was used to acquire 5 million counts and organize them into a series of 32 frames for each cycle in order to obtain a high resolution time-activity curve. Subjects then performed symptom-limited dynamic exercise testing on a bicycle ergometer in the supine position at work loads increasing by 25-W increments at 3-minute intervals. They were asked to indicate when they were nearing the end of their exercise tolerance, when a further gated acquisition of 3 million counts was obtained and organized into a series of 24 frames for each cardiac cycle.
The data were analyzed on the Elscint computer. After time correction and smoothing, a continuous loop cineangiogram was constructed and examined for wall motion abnormalities. A preset semiautomatic program, which has been described previously and shown to produce excellent interobserver and intraobserver repeatability, 8 was used to calculate ejection fraction and ejection rate. Individual left ventricular regions of interest were identified by the observer on each frame; the computer then delineated the left ventricular contours using a second derivative, edge-seeking algorithm that was then checked and, if necessary, corrected manually on each frame. An adjacent background region was identified in the end-systolic frame and was subtracted from the data, and a high resolution time-activity curve was then plotted. The ejection fraction was calculated using the following formula: ejection fraction = (end-diastolic counts -end-systolic counts)/end-diastolic counts.
Analysis of Data
The tape recordings of blood pressure and heart rate were replayed and written out on a direct linear recorder to allow assessment of signal quality and elimination of artifacts. Recordings were rejected as technically inadequate if less than 20 minutes of continuous data without artifacts was available in any 1 hour. Hourly sections were then analyzed on a hybrid computer to give mean levels of systolic and diastolic blood pressures and heart rate. Mean 24-hour, mean daytime (1200-1800), and mean nighttime (2400-0600) blood pressures were then calculated for each subject. These periods were selected because they represent the most stable plateau and trough periods of the 24-hour diurnal curve. 9 Mean blood pressure during the last 5 minutes of supine rest and during the period of dynamic exercise was computed using a standard digitizing program that has been described previously. 10 '"
For purposes of analysis, subjects were subdivided into two groups depending on the presence (Group 1) or absence (Group 2) of evidence of left ventricular hypertrophy on their resting electrocardiogram. This evidence was based on voltage criteria, and left ventricular hypertrophy was said to be present if the sum of the deepest S wave plus the tallest R wave in the precordial leads exceeded 3.5 mV. Patients were also classified into two groups depending on whether they increased their ejection fraction by 5% or more at peak exercise (Group 3) or failed to do so (Group 4).
Student's unpaired t tests were used to compare blood pressures between Groups 1 and 2 and between Groups 3 and 4. Linear regression analysis was performed between intra-arterial blood pressures and ejection fraction and ejection rate at rest and between changes in these indices on exercise.
Results
Adequate 24-hour blood pressure recordings were obtained from all subjects. In one subject data during supine rest could not be analyzed due to artifacts. Adequate resting radionuclide studies were obtained from 466 HYPERTENSION VOL 11, No 5, MAY 1988 all subjects, but in two the exercise study was technically inadequate for full analysis. The age and sex of the subjects and the presence or absence of left ventricular hypertrophy are shown in Table 1 , with values for mean systolic and diastolic blood pressure during daytime, nighttime, the last 5 minutes of 20 minutes of supine rest, and the 2nd minute before commencement of exercise (the last minute before exercise was not computed because of the wide variability of the alerting response).
Mean blood pressures for Groups 1 and 2 are shown in Table 2 . The mean daytime systolic blood pressure in Group 1 was significantly higher (/><0.05) than that in Group 2, although there was considerable individual variation. The diastolic pressures were also higher in Group 1, but the difference did not reach statistical significance. Although similar trends were observed, no statistically significant difference was found when nighttime blood pressure or blood pressures at the end of supine rest or preexercise were considered.
A normal diurnal variation was demonstrated in all subjects whether or not they had left ventricular hypertrophy (Figure 1) . However, inspection of the results showed wide and apparently random variations between the mean daytime blood pressure and the value taken during the 2nd minute before exercise (range, -31 to +52 mm Hg; Figure 2 ). As noted in previous studies using this method of continuous blood pressure recording, 12 all subjects showed large and abrupt variations in blood pressure at various times during the day. In the 24-hour profiles, these abrupt changes were obscured by coherent averaging of the mean pressures over 1-hour periods.
No wall motion abnormalities were observed on the cineangiograms, either at rest or during exercise.
Values for ejection fraction and ejection rate are shown in Table 1 . On the basis of a normal range (mean ± 2 SD) previously defined in our laboratory, 13 all subjects had values within or above the normal range at rest. In the group as a whole, there was no significant difference between ejection fraction at rest (63 ± 9%) and at peak exercise (65 ± 9%). Only nine subjects showed an increase in ejection fraction exceeding 5% on exercise (Group 3), the rest did not (Group 4). There was a highly significant difference (p<0.005) in mean daytime systolic blood pressure between Group 3 (188 ± 17 mm Hg) and Group 4 (168 ± 15 mm Hg), with a similar difference in diastolic blood pressure (124 ± 8 vs 103 ± 15 mm Hg, p< 0.002; Table 3 ). A significant difference was also seen in the supine rest values, but not in the immediate preexercise values. Correlation coefficients between blood pressure and ejection fraction and ejection time at rest are shown in Table 4 . None reached statistical significance.
The correlation between mean blood pressure and changes in radionuclide indices of ventricular function with exercise was greater ( Table 5 ) and was positive, indicating a direct linear relationship. As with the resting indices, the correlation was better in Group 1 than in Group 2. The strongest correlation was between mean daytime systolic blood pressure and change in ejection fraction with exercise in subjects with left ventricular hypertrophy (r = 0.8, p<0.05; Figure 3 ). The correlations of ejection fraction with nighttime pressure and with diastolic pressures were lower, but they followed the same trend. The correlation between change in systolic blood pressure and change in ejection fraction on exercise was also closer in subjects in Group 1.
Discussion
This study has failed to confirm the existence of a linear relationship between blood pressure and indices of left ventricular function at rest. 3 The wide variation between values obtained for mean daytime blood pressure and the preexercise level illustrates one of the pitfalls in attempting to relate a casual blood pressure measurement to any assessment of left ventricular function and may well be one reason for the variability of previously published results. Ambulatory intra-arterial monitoring provides a continuous recording from which mean pressures may be calculated and excludes the possibility of a "cuff response."
Although correlation coefficients between resting blood pressure and ejection fraction were not significant, the values were negative, indicating an inverse relationship, and larger inverse coefficients were observed in Group 1 than in Group 2. This finding is consistent with a theory that increasing severity of hypertension does cause a reduction in ventricular function, even though the subjects studied all had resting ejection fractions within the normal range.
Although it has been claimed that failure to increase ejection fraction by 5% at peak exercise is diagnostic of underlying coronary artery disease, 14 the subnormal response in our hypertensive subjects is unlikely to be due to this cause, since none had any history or symptoms suggestive of cardiac ischemia, and none manifested any wall motion abnormality with exercise -a feature Borer et al.
14 noted in almost all their patients who failed to increase their ejection fraction. It is possible that our subjects had left ventricular dysfunction secondary to their hypertension, but our results indicate that the ejection fraction response to exercise was better in those subjects with higher blood pressures, who might be expected to be at greater risk of left ventricular dysfunction. Moreover, some large increases in ejection fraction on exercise were seen in subjects who had left ventricular hypertrophy; a possible explanation for this finding is that the hypertrophied ventricle may be better compensated and thus able to generate a greater output. The positive correlation between blood pressure and increase in ejection fraction on exercise may have been due to increased myocardial contractility secondary to adrenergic stimulation 15 l6 and suggests that this group had not suffered severe myocardial damage from their elevated blood pressure. Some previous studies have shown See Table 4 for key to abbreviations. that left ventricular function is normal or supranormal in many hypertensive patients despite high wall stress, 1 ' 3 although others have observed early impairment, especially if the ventricle was hypertrophied. 17 This study provided no data to demonstrate whether ejection fraction response would plateau and then diminish if blood pressure was allowed to remain elevated and left ventricular wall stresses were prolonged, but our results support the theory that resting left ventricular function is normal in most hypertensive patients, although functional reserve may be impaired. However, our laboratory has recently demonstrated, 13 
'
l8 that an appreciable minority of normotensive subjects with no history of ischemic heart disease do not increase their ejection fraction by 5% on exercise, so that this finding in the hypertensive population may be less important than would previously have been thought.
As a group, the subjects with left ventricular hypertrophy had higher blood pressures than did those without, although there was some overlap between groups. The development of left ventricular hypertrophy likely is related not only to the blood pressure, but also to the amount of stress to which the heart is regularly subjected. The results of this study indicate that it is the left ventricular hypertrophy, rather than the actual height of the blood pressure, that most closely relates to left ventricular systolic function. Further studies are needed to determine whether function returns to normal with regression of the hypertrophy. Blood pressure alone, especially a single casual reading, is not useful in predicting the likelihood of left ventricular dysfunction. Left ventricular performance is multifactorial, and although systolic wall stress must be one of the factors, it is apparently not an independent determinant in most subjects. Further studies are required to investigate the relationships among blood pressure, left ventricular wall stresses, and contractile function of the myocardium.
